Abstract. Fast neutron resonance technique was simulated using MCNP-4C (Monte Carlo NParticle System) to find its usefulness to contraband inspection. By applying neutron techniques, elemental composition of the material in question can be characterized, by which existence of explosives or narcotics are recognized among many other stuffs being investigated. To obtain fast neutron flux, D(d,n) 3 He reaction was chosen and using a computer code, DROSG-2000, we produced the flux with variables of energy and neutron radiating angle. Neutron energy range of 2.25 to 5.25 MeV, which includes apparent resonance peaks for carbon, oxygen and nitrogen, was applied to the simulation. By moving around the neutron source, a set of a material to be investigated and neutron detector experiences neutrons in the form of narrow line beam with different energies as the angle to the neutron source changes. By positioning the set of the material and detector at several angles, we can obtain the equal number of linear equations to solve as the number of applied angles. Total attenuation of neutron flux obtained at different angles was calculated by using the results of MCNP-4C simulation cases. Among many trials with different number of energy range segmentations and number of element in the material in question, feasible results could be found when the number of elements was five and energy bin was five to nine. More cases when the material in question was mixed or covered with interfering elements such as Al, Ni, Cr, Mn, Fe and Si were also simulated to show the increase of relative error up to 50 %. More studies to decrease the size of error occurring when the material in question exists with interfering elements and the effects of applying broad beam to the system are required.
Introduction
Generally, explosives have a higher nitrogen ratio and density, and usually they exist in the form of nitrate (-NO 3 ). They also have characteristics of high oxygen, low hydrogen and carbon content and density of approximately 1.5. A general method to detect such contraband (articles under embargo) is to use X-ray that interacts with the electrons of the material in question and the attenuation coefficient of X-ray has very close relation to the electron density of the material and the X-ray energy [1] . With an ordinary X-ray detection method, it is very difficult to clearly identify light elements such as hydrogen, carbon, nitrogen, and oxygen. Thus, technologies to detect contraband using a fast neutron with more than 1 MeV of energy are getting attention. The aim of this study is to distinguish hydrogen, carbon, nitrogen, and oxygen, which are the elements of interest contained in contraband goods, and subsequently identify such contraband goods by generating neutrons with 2~6 MeV of energy and analyzing element specific resonance which depends on the total decrement coefficient of the subject material.
Originally, a fast neutron resonance technology (FNRT) was developed in a laboratory of Witwatersrand/DeBeers University (Republic of South Africa) to detect a piece of diamond (approximated diameter of 3mm) in a diamond ore [2] . Since this method has characteristics that it produces specific resonance for a single element while does not for the other elements within the neutron energy range of 7~8 MeV, it is difficult to distinguish the peaks when more than two elements are contained in the sample and it has low neutron transmittance rate. To compensate such disadvantages of the method using a single peak, we choose the energy range where the element of
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interest forms broad resonance characteristics.
D-D and p-T nuclear reaction are the most common method to obtain monoenergetic neutron source, and for this study, we used DROSG-2000 code [3] and calculated neutron energy distribution, neutron reaction cross section, neutron yield as a function of angle.
To evaluate the feasibility of FNRT as a method to detect explosives we employed TNT, a representative explosive that has been used in the military for more than 100 years, as the subject of this simulation and the simulation was performed using MCNP code. Also the relative errors, which are dependent on the number of element, were analyzed when interfering elements such as Al and SUS were presented in the sample. In addition, with hexamine that has high nitrogen content and polypropylene, a common raw material for plastic, as interfering materials, the relative errors of when TNT was the only subject and when interfering materials were also presented are compared and analyzed.
Fast neutron production
Big-4 reaction is a representative reaction of monoenergetic fast neutron producing nuclear reactions using small accelerators [4] . Among those, D-D and p-T nuclear reactions are fit for this study and they can be described as follow , irrespective of the energy of accelerated particle because the energy loss (stopping power) due to interaction between deuteron beam and the subject is small. The neutron energy spectrum is leveled at any angle. Since the total neutron yield of D-D nuclear reaction is 1.885ⅹ10 10 neutron/µA•sec and that of p-T nuclear reaction is 1.866ⅹ10 11 neutron/µA•sec, p-T nuclear reaction has higher yield.
Linear attenuation model
The governing equation for fast neutron follows exponent decreasing law described as equation (3) below. 
Where N, N 0 , µ, and x are the number of neutrons decreased, the initial number of neutrons, effective attenuation coefficient-cm 2 , and total atomic content-#/cm 2 , respectively. Neutron flux has energy distribution and consequently the attenuation coefficient has a certain relationship to neutron reaction cross section or average neutron reaction cross section but they are not the same. Furthermore, most materials are comprised of more than one element, superimposed resonance peaks. To compensate this problem, linear attenuation model is employed.
The equation above has limitation to address that total attenuation coefficient is the sum of attenuation coefficients of individual elements and it is difficult to clearly determine element composition ratio of target material. Thus, we generated matrix A † , a virtual inverse matrix of matrix A, calculated attenuation coefficients of individual elements of matrix A, then obtained matrix I mxm by multiplying it by virtual inverse matrix A † . We also calculated vector b, which represents total attenuation, then finally obtained equation for element component
the following is example of linear equation obtained using 4 different elements in TNT and 12 different energy ranges
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Title of Publication (to be inserted by the publisher) (6) and (7). The relative error for carbon, nitrogen, and oxygen is error3 and that of hydrogen, carbon, nitrogen, and oxygen is error4. In these equations, x LS is element composition obtained by linear regression analysis and x i is actual element composition. 
Monte Carlo modeling TNT, a representative explosive, was used as simulation subject and we divided energy range for each angle to simulate condition as if the subject rotates around neutron source. The whole energy bins are described in Table 1 and we assumed good geometry condition to test the feasibility of FNRT as a method to detect contraband. Geometry we employed for MCNP code [5] simulation is described in Fig. 5 .
The energy bins in Table 1 include both narrow resonance peak range of oxygen and broad resonance peak range of nitrogen. Composition of TNT and interfering materials other than TNT are described in Table 2 . 
Results
The relative errors according to thickness of TNT are indicated in Table 3 . The reason element ratio is calculated with oxygen as a control is because oxygen has highest composition ratio in most explosives. Up to 10 cm of TNT, relative errors do not exceed 3 %. Table 4 and 5 shows the result of simulation using 1 cm thick TNT and 0.1 cm thick Al and SUS. Also, Table 6 shows relative errors when TNT is 5 cm thick and interfering materials are 0.5~2 cm thick. 
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The result of relative error analysis when interfering materials other than TNT are presented is following.
Compared to the cases of number of energy bin is grater than 6 (m>6), when the number of energy bin is 6, relative error was increased because it did not reflect resonance characteristics of hydrogen, carbon, nitrogen, and oxygen correctly. We could obtain most optimized solutions when hydrogen, carbon, nitrogen, and oxygen were existed only. In other words, in this case, error3 and error4 were minimized. As the number of element increased, distinguishing ability was decreased and such increase worked as an additional factor for errors. If there existed elements other than hydrogen, carbon, nitrogen, and oxygen, relative error increased up to n=9 then decreased at n=10. When hexamine that has high nitrogen content and polypropylene, a common raw material for plastic, were existed as interfering materials, the overall relative error was less than 30%.
Conclusions
The aim of this study was to test the feasibility of fast neutron resonance technique (FNRT) as a method to detect contraband.
When we divided neutron energy range into 12 bins, the experimental values of composition ratio of H, C, N, and O in TNT were 0.2362, 0.3344, 0.1423, and 0.2871, respectively. Since the actual value were 0.236, 0.334, 0.143, and 0.287, relative error is 0.16% and this is fairly low. We can obtain most optimized solutions when only four element of H, C, N, and O are presented. In this case we can minimize error3 and error4. Increased number of elements works as an additional factor for errors. We believe when the number of composition element is 5 and the number of energy bin is 5~9 is the optimal condition.
For the future, it is required to develop a method to minimize errors of spectrum analysis with various interfering materials and quantitative evaluation method to detect contraband.
